This study analyzes the impacts of the Japanese Long-Term Care Insurance ( LTCI), a decade after its launch, with respect to the female labor supply in Japan. The radical program has caused the emergence of markets for various care services apart from permanent institutional care, which is only a major formal care sector in many developed countries. The availability of various formal care services can stimulate female labor supply through a reduction of the burden of informal caregiving. To investigate the impacts of the LTCI, we compare the labor market behavior of females who face requirements for elderly care in their household for three periods-before the launch of the LTCI, four years after the launch, and ten years after the launch. Our empirical analysis indicates positive effects of the launch and diffusion of the LTCI on female labor supply. As a result of the LTCI, care for male elders is no longer an obstacle for female labor supply, but care for female elders is still burdensome. We also find that the care requirement reduces the probability of being a regular worker; however, regular workers are more likely to utilize formal care, whereas many nonregular workers provide informal care by themselves.
Introduction
To address the issue of the world's fastest population aging, the Japanese government established a radical program called the Long-Term Care Insurance ( LTCI) in 2000. This study attempts to globally publicize the unique Japanese experience, because many other countries may also encounter an explosion in demand for elderly care in the near future. Our study investigates who the LTCI has affected and how much. Specifically, we concentrate on the effects of the LTCI on female labor supply, which is one of the program's main targets under the slogan of "Socialization of Care." "Socialization of Care" is a policy objective that claims the release of women from the severe burden of voluntary caregiving for coresident elders, which the LTCI does by presenting a market-oriented solution. Specifically, the LTCI does not provide cash allowance for informal caregivers, but covers only purchased service cost through formal sectors. This policy has created a large consumer demand for formal care and new markets have emerged for various services such as home care ( houmon kaigo), day care service ( tsuusho kaigo), short-stay care ( tanki nyuusho kaigo), and so on 1 .
The existence of these service markets differentiates Japan from many other developed countries in which institutional care for permanent living comprises only a major formal care sector 2 . In these countries, because informal family care is the only available method of dealing with coresident disabled elders, care requirements generally reduce the labor supply of their household members. Several studies such as Carmichael and Charles (2003) , Heitmueller (2007) , and Heitmueller and Inglis (2007) have empirically found this negative effect and suggested the expansion of formal care provisions as a policy option for stimulating the female labor supply. The Japanese situation provides an existing example of such a policy.
Because of the industrialization of the care service sector, Japanese families have access to many methods of managing elderly care, which might affect their labor market behavior. As proposed by Carmichael and Charles (1998) , under a standard utility maximization model for individual household members, care requirements can have either positive or negative effects on the working status of an individual. A negative effect is the substitution between care and work under a time constraint. On the other hand, a positive effect is that people increase their labor supply to manage care costs. Such a positive response has barely been found in previous empirical studies on European and American data. However, because of the existence of formal care services, this positive effect may be more dominant in Japanese households.
Our study aims to measure the impacts of the social insurance for elderly care. In a similar manner to the preceding program in Germany 3 , the LTCI has been continuously revised to balance costs and benefits under the unstable social condition caused by aging. For example, based on the discussion in a government panel called the National Council on Social Security System Reform ( Shakai Hoshou Kaikaku Kokumin Kaigi) , the government is currently planning to exclude elders with lesser care requirements from LTCI coverage. However, because of the shortage of empirical studies, it is not clear who will be influenced by such a reform or to what extent 4 .
1 For English translations of Japanese legal terms in the LTCI, we referred to Sumii and Sawada (2012) . 2 Many countries have formal sectors for home care and day care service, but their market volumes are limited. Bolin et al. (2008b) analyzed home care sectors in European countries. 3 See Campbell et al. (2010) for details of previous reforms of the social insurance program in Japan and Germany 4 With regard to the choice of program coverage, Häcker and Hackmann (2012) 
investigated the German
In this study, we consider the influence of the LTCI on the labor market behavior of the spouses of the sons of coresident elders. Before the launch of the LTCI, daughters-in-law were the typical caregivers in Japan. Therefore, although coresidence of elders and their daughters becomes less frequent today, an investigation of the labor supply of coresiding daughters-in-law is a natural method of evaluating whether the LTCI has achieved its policy objective. We estimate the effects of care requirements on the probability of employment and working hours of coresiding daughters-in-law. To consider the effects in greater detail, we estimate the switching regression model for the working hours of regular and nonregular workers.
Using repeated cross-section data, we estimate the effects of care requirements on female labor supply in Japan for different periods-before the launch of the LTCI, four years after the launch, and ten years after the launch. This approach enables us to analyze the marginal effects of care requirements, controlling for the macroeconomic trend and other observable household and regional characteristics. Specifically, we use a large set of microdata from the Comprehensive Survey of Living Conditions ( Kokumin Seikatsu Kiso Chouse) for 1998, 2004, and 2010. Our findings can be summarized in the following manner. Although there remain significantly negative effects of caregiving on labor force participation, the magnitudes of the negative effects were found to be chronically reduced after the launch of the LTCI. Although the data limitation prevents us from analyzing the impact of the launch of the LTCI on female working hours, we can find positive effects of the LTCI on female working hours at least in 2010. We also find a gender difference in the negative effects of care requirements. Specifically, the negative impacts of care requirements were found to recently disappear for male elders, while female elders are still burdensome. This result indicates that when a female elder is disabled, not only caregiving but also housekeeping burdens are turned over to family members, thereby posing a more severe time constraint for coresiding females.
Furthermore, our study indicates a relationship between the work type of females and care requirement. Care requirements reduce the probability of females to be regular workers. However, the effect on working hours can be decomposed into a negative effect for nonregular workers and a positive effect for regular workers. This result suggests that regular workers are more likely to utilize formal care, whereas many nonregular workers are unable to enjoy the benefits of the LTCI and provide informal care by themselves.
Our research contributes to an active study area of labor economics-the relationship between female labor market behavior and elderly care based on the unique experience of Japan. It must be noted that there is no consensus among US and European studies, which are summarized in Lilly et al. (2007) , on the magnitude of the effects of caregiving on labor market behavior. For example, Boaz and Muller (1992) found strong negative effects of caregiving on working hours, whereas Wolf and Soldo (1994) found no such significant effect. Recent studies have attempted to control for many factors that may be causing this complication. Pezzin and Schone (1999) analyzed simultaneous decisionmaking concerning caregiving and living allocation to address the impacts of changing program.
family structures. Moreover, Van Houtven et al. (2010) and Knoef and Kooreman (2011) utilized panel data to model dynamic decision-making.
There are several empirical studies in the literature on the Japanese context. Using data for the period before the launch of the LTCI, Iwamoto (2001) found a negative effect of caregiving on female labor force participation, and Ogawa and Ermisch (1996) found distinct effects of caregiving on the labor supply of full-time and part-time female workers. For the early stage of the LTCI, Shimizutani et al. (2008) detected no significant effect in 2001 on female labor force participation, but found a positive effect in 2002. Furthermore, using data for 2001, Hanaoka and Norton (2008) showed that opportunity costs of children affect their utilization of formal care, which is a finding that is consistent with our result.
The remainder of this paper is organized in the following manner. In Section 2, we provide a brief review of the LTCI program. In Section 3, we present our econometric framework, and in Section 4 we present the empirical findings. In Section 5, we present the conclusion and aspects for future research.
Historical review of Japanese national Long-Term Care Insurance
As a response to rapid population aging, the Japanese government launched the LTCI in 2000 5 . The program does not provide a per capita cash transfer to elders like that in Germany's program for supporting informal caregivers. Instead, the LTCI covers only purchased service costs for formal care. This policy is justified under the "Socialization of Care" policy objective, which aims to release women from the burden of voluntary caregiving for coresident elders. To satisfy the explosion of demand for formal services caused by this policy, many firms have been established to provide various care services. Thus, the LTCI instantaneously generated a large industry for elderly care. The LTCI is a mandatory insurance system with universal coverage, but only half of its costs are financed by the social insurance principal. The remaining costs are covered by general revenues: 25% from national revenue and 12.5% each from prefectures and municipalities. Along with population aging, the pay-as-you-go policy of the LTCI placed severe pressure on the fiscal budget. As summarized in Campbell et al. (2010) , in its first five years, the costs of the LTCI grew faster than prior government estimates. To handle this rapidly growing financial burden, the Japanese government amended the scheme in 2006, which was the first major reform of the LTCI.
The 2006 amendment 6 had two main purposes. The first was the replacement of expensive institutional care by home-based or community-based care sectors. To reduce demand for institutional care, the amendment eliminated room and board expenses, termedhotel costs, from LTCI coverage.
Another purpose of the 2006 amendment was the promotion of preventive care, which can affect caregiving in households. A critical reason for the rising costs of the LTCI was the rapid increase in expenses for elders with lesser care requirements. Thus, the 2006 amendment created a new system of services aimed at maintaining the health and well-being of elders. The new preventive care services encouraged elders to participate in activities that would improve their motor and oral functions as well as their nutritional status. However, elders with lesser care requirements also face a reduction in the coverage for benefits of formal care, such as the home helping service, that were available before the amendment.
Econometric models
This study is concerned with the effects of the LTCI on the female labor supply in Japan. For simplification, we restrict our analysis to females in a specific family structure comprising at least one elder, his/her coresident son, and the son's spouse. Our econometric models describe behaviors of the daughter-in-law in such a household, and we refer to her simply as "female" hereafter.
To consider the effects of the LTCI, we adopt the explanatory variable of whether elderly care is required in a household. This choice of variable differs from the traditional approach that analyzes the effects of informal caregiving by females on their work intensity. If there is a formal sector only for permanent institutional care, as in many developed countries, the care requirements are satisfied only with formal institutional care or informal home care, but they are mutually exclusive. In other words, direct caregiving by family members is only a possible method of providing care for a coresident elder. Therefore, the effects of care requirements and informal caregiving are equivalent if we focus on households in which the elder and caregiver live together.
In contrast, Japanese households have many options for satisfying elderly care requirements as a combination of informal care and flexible formal care services. Thus, an analysis of the effects of care requirements in general can provide more information for female labor market behavior than an analysis of only informal caregiving.
Our choice of the variable also has two advantages over the conventional choice in previous studies. First, we can avoid the endogeneity problem that studies like Heitmueller (2007) attempted to control for, because care requirements of a coresident elder are likely to be exogenous in natural circumstances. Second, we do not need to consider how to measure the effort level for informal care, which requires a careful treatment, as discussed in van den Berg and Spauwen (2006) .
We estimate the effects of care requirements on female labor supply for three different years-1998, 2004 , and 2010-using repeated cross-section data. This approach enables us to analyze the marginal effects of the care requirement, controlling for the macroeconomic trend and changes of observable components. Hereafter, we define all the variables as time-specific, but the time index is abbreviated for simplicity.
We begin with examining the effects of care requirements on the female's employment status using the probit model. Our sample comprises J households. For the jth household, the dependent variable is the employment dummy E j that takes unity when the female is employed, and zero otherwise. For explanatory variables, C j denotes the variable for care requirements, which can be either a scalar or a vector depending on the specification, as shown later. w j is a vector of observable household and regional characteristics for the employment status other than care requirements. The error term ϵ E,j is assumed to follow the standard normal distribution. Then, our probit model is expressed as
Next, we investigate the effects of care requirements on hours worked of females. This analysis is adopted only for data of the 2004 and 2010 rounds, because individual working hours were not interviewed in the 1998 round of the Comprehensive Survey of Living Conditions. Following Bolin et al. (2008a) , we adopt the two-part model, which comprises the above probit model for the employment status and the linear regression model for working hours conditional on being employed. The dependent variable H j denotes the working hours of the female, given that she is employed. For explanatory variables, in addition to the care requirement dummy C j , we adopt observable household and regional characteristics x j . In the two-part model, the error term ϵ H,j is assumed to be independent to ϵ E,j , and possible endogeneity between the error terms is analyzed in the later section to check for robustness. Our two-part model is expressed as two equations: Equation (3.1) and
Furthermore, we employ another econometric model for a more detailed decomposition of the effects of care requirements. Under a standard utility maximization model for individual females, there can be both negative and positive effects of elderly care on female labor supply. The negative effect is a result of informal caregiving by females. On the other hand, the positive effect is a result of outsourcing of care to market services for which the household members must manage the payment by increasing their work intensity.
Under the Japanese context, it is natural that the sign of the effects of elderly care on female labor supply is dependent on the type of work that females are engaged in. Female workers with higher preferences for working have a higher disutility from the decision to quit. Therefore, such females are more likely to access formal care services so that they can avoid quitting work to provide elderly care and, hence, increase their working hours. To characterize different work types that can induce these behavioral differences, we group females engaged in the labor force into nonregular and regular workers.
It is likely that working hours are simultaneously determined with the choice between regular and nonregular jobs, because nonregular workers generally have a more flexible working schedule than regular workers do. Thus, we adopt a switching regression model in which working hours depend on the endogenous work type. Due to data limitation, this analysis is conducted only for data of the 2010 round. We define R j as a regular worker dummy that takes unity when the female is engaged in regular work and zero when she is engaged in nonregular work. z i , x 0,j , and x 1,j are observable characteristics for the choice of work type and working hours of nonregular and regular workers, respectively. For labor force participation, we again adopt the two-part model. In other words,
We assume joint normality for the error terms ϵ R,j , ϵ H0,j , and ϵ H1,j , in which there may be correlations between the pairs of error terms (ϵ R,j , ϵ H0,j ) and (ϵ R,j , ϵ H1,j ). We estimate parameters using Heckman's two-step estimator ( Heckit).
As mentioned in the previous section, we focus on households that include elders with their own son and his spouse, all of whom reside together. An elderly person is defined as an individual who is aged 65 or over. We eliminate households with more than two elders, those with two elders who are not a married couple, and those with two elders who are both disabled. The sons and spouses are restricted to those aged below 65. We also eliminate households with two or more coresident children, those with a disabled son or his spouse, and those with daughters.
Our dataset does not provide information on family members who live separately, which prevents us from studying three important aspects. First, elders who live in permanent care institutions are not studied because such elders are eliminated from our sample. Second, we do not consider intra-family bargaining for caregiving, because the amount of caregiving is likely decided simultaneously with living allocation, as in the model given by Pezzin and Schone (1999) . Third, we do not consider the choice of family members for living allocation. The third aspect might cause an endogeneity bias, and we provide a further discussion in a subsequent section.
For dependent variables, both the employment dummy E j and the regular work dummy R j are values on interview dates in June. The regular worker dummy takes unity if the female is called as a regular worker at her workplace. The working hours, H j , represent the weekly number of hours worked during the last week of May. To eliminate peculiar working hours such as those of self-employed workers, we exclude households in which either the son or his spouse is a nonemployed worker or has extremely long working hours-specifically, over 65 hours per week.
For explanatory variables, our main interest is in C j , which is the care requirements of a coresident elder. We consider several candidates of variables for C j that are related to elderly care. The basic variable is a disabled elder dummy that takes unity when there is a disabled elder in the household. An elderly person with a disability is defined as one who needs help from others or is required to be under the watch of others. To see more details of this effect, two additional specifications are adopted. First, we divide the disabled elder dummy into male and female disabled elder dummies. Second, we utilize information on living spouses of the disabled elder, because a healthy parent-in-law can share the care burden with the female.
In our model of (3.1) and (3.2), explanatory variables for both labor force participation (w j ) and working hours (x j ) contain the following elements. For household information, we include the number of household members and a dummy variable for having a child aged under 15. For demographic characteristics of the female, we adopt the logarithm of her age. To control for the behavior of a retired female, we also include a dummy variable for an old female. This variable takes unity if the female is over the age of 60, a typical retirement age in the Japanese labor market at the time these surveys were conducted.
In addition to these common variables, we include three job characteristics of the female in x j : job tenure, a dummy variable if the woman works for a large firm ( specifically, one with more than 499 workers), and a public-sector job dummy. For w j , we also include the prefecture value of the ratio of active job offers to job seekers ( Yuukou kyuujin bairitsu) as annual averages for the previous year of the interview, which are taken from the Report on Employment Services ( Ippan Shokugyou Shoukai Joukyou) . This variable measures the demand in regional labor markets, which might influence the performance of the female in terms of her job search but has no clear relation to her working hours. In the subsequent section, where robustness checks are conducted, we use this variable as an exclusion restriction that affects only female labor force participation and not working hours.
For the explanatory variables of the switching regression model, defined by (3.3) and (3.4), we include all variables used in the two-part model. Specifically, covariates for work type (z j ) include all elements of w j , and covariates for working hours for work types (x 0,j ) and (x 1,j ) include all elements of x j . Additionally, we include a higher education dummy in z j as an exclusion restriction, which is justified in the following manner. The education level, or the skill level of workers, is likely to be an important factor in the hiring decision of firms. On the other hand, there is no clear reason for discriminating working hours of employees on the basis of their skills. This variable takes unity when the female has completed university, junior college ( Tanki daigaku), or junior technical college ( Koutou senmon gakkou). Because education attainment was queried for the first time in the 2010 interview, the two-part switching regression model is estimated only for that year.
The total number of respondents of the large-scale surveys were 247,662, 220,948, and 229,785 households in 1998, 2004, and 2010, respectively . After excluding samples with missing and irrational responses, 15,659, 10,150, and 8,515 households remained for the 2004 and 2010 datasets, respectively. Owing to the considerable sample size, we obtained appropriate numbers of households with a disabled elder, namely 1,175 for 1998, 1,959 for 2004, and 2,037 for 2010. These counts show that although the number of households in which elders and their married children coreside was decreasing 8 , the number of households with a coresident disabled elder was increasing. Table 1 shows the descriptive statistics of the previously defined variables. Table 2 about here   Table 2 reports the probit estimation results for the marginal effects. For the effects of care requirements, column (1) shows the negative effects of a disabled elder on female labor force participation, but the absolute values of their coefficients chronically decreased from the 1998 round to the 2010 round. Specifically, the negative effects on employment probability were 16.0% in 1998, 10.4% in 2004, and 7.0% in 2010. We can infer the extent of the effects of the launch of the LTCI and its diffusion using differences among these estimated marginal effects. The difference between 1998 and 2004 indicates a 5.6% increase in the female labor force participation rate, while the difference between 2004 and 2010 indicates a 3.4% increase in the rate. Table 3 presents the estimation results for the regression analysis for working hours in the two-part model. For the effects of care requirements, column (1) again shows the negative effects of a disabled elder on working hours and the reduction of absolute values from the 2004 round to the 2010 round. Specifically, the negative effect on working hours reduced from 1.1 hours to 0.8 hours.
Estimation results
We also have reasonable coefficient estimates for the alternative specifications. Column (2) in Tables 2 and 3 shows the results where the disabled elder dummy is decomposed into male and female disabled elder dummies. Under this decomposition, both the negative impacts of male and female care requirement were chronically reduced. In the 2010 round, the care requirements for male elders no longer have significant impacts on both the female employment rate and working hours. However, the female disabled elderly still has negative effects on the female labor supply. This result indicates that when a female elder is disabled, not only caregiving but also housekeeping burdens are turned over to the daughter-in-law, thereby posing a more severe time constraint for the females.
Furthermore, column (3) in Tables 2 and 3 shows the effects of care requirements and existence of a healthy coresident spouse. The disabled elder dummy also has negative impacts on female labor supply, but this effect is canceled out under the presence of a healthy spouse. This might imply that a healthy spouse of a disabled elder can share the burden of care with coresident daughters-in-law, thereby stimulating the labor supply.
For explanatory variables other than care-related factors, the number of household members has a positive effect on employment probability, because the increased number of family members can encourage sharing of the care burden. On the other hand, this variable does not affect working hours. One interpretation is that the other household members can engage in simple care tasks like watching over the elderly person, but they cannot perform more technical care tasks. Thus, females who have the support of many household members do not need to completely devote themselves to caregiving for the elderly person the entire day, but they reduce working hours to spend some time in elderly care. Furthermore, the need for childcare strongly decreases both the female labor force participation rate and working hours, which implies that childcare is another important factor that causes a reduction in female working hours. The age of females reduces both female labor force participation and working hours, although it is not significant for the labor force participation rate in 1998.
The positive effect of the regional demand for labor, which is represented by the ratio of active job offers to job seekers, is found only in 1998 and 2004 and not in 2010. We can interpret this result in the following manner. In 2010, the Lehman Shock had a serious negative effect on the Japanese economy. Because of the negative shift, the prefecture values of the ratio of active job offers to job seekers decreased for a majority of the areas and showed a smaller regional divergence in 2010 than in 1998 or 2004. Thus, the lack of variation prevents us from obtaining a significant coefficient estimate for 2010. We could have obtained more informative results if we utilized a different variable that reflects the performance of regional labor markets at the municipality level, but we do not have information for municipalities in which households dwell. Longer tenures are associated with longer working hours. Characteristics of the workplace, large firms, and public sector dummies also have considerable influence on working status. Table 4 presents the results of the probit estimation for the work type and the secondstage estimation of the switching regression model for working hours. Due to the data availability problem, this analysis is employed only for the 2010 round of data. For the probit analysis, the existence of a disabled elder reduces the probability of obtaining a regular job relative to a nonregular job. Our exclusion restriction, the higher education dummy, is significant and the sign is naturally positive. On the other hand, for working hours, the effects of care requirements differ according to work type. The disabled elder dummy has a negative effect on the working hours of nonregular workers and a positive effect on the working hours of regular workers.
These results indicate that regular workers are more likely to utilize formal care, whereas many nonregular workers provide informal care by themselves. In other words, it is true that the LTCI provides many options for outsourcing elderly care; however, these options are more accessible to households in which daughters-in-law are regular workers 9 .
With regard to the other explanatory variables, the effects of having a child are significantly negative for the probability of obtaining a regular job and for the working hours of nonregular workers. However, these effects are not significant for working hours of regular workers. This result can be interpreted in the following manner. Childcare should be an important reason for females to choose a less busy workplace. On the other hand, if females continue to work as regular workers, they have access to formal childcare. The significantly negative coefficients for the old female dummies imply that if female workers obtain re-employment after retirement, the new job is typically a nonregular one.
Additional analysis for the effects of diffusion of the LTCI
This subsection provides further analysis for the 2004 and 2010 rounds. Our probit estimates show that the launch of the LTCI had a substantial impact on female employment, but the effect of its diffusion between 2004 and 2010 is also 0.63 times as large. To consider greater details of the effects of the diffusion of the LTCI, we investigate two additional aspects.
9 If longer working hours are a result of good matching between employers and employees, employers could offer generous support to females with longer working hours when these females face care requirements to discourage them from quitting their jobs. Such a model would provide an alternative reasoning for the positive effect of care requirements on working hours that is independent of the LTCI. Although it is difficult to distinguish our main hypothesis and this matching model using our main dataset, the discussions in Section 4.3-which use supplemental data-provide supporting evidence for our main hypothesis that there is a difference between regular and nonregular workers in the utilization of formal care services.
First, we decompose the disability of elders into more specific categories. Specifically, we adopt four disability levels that are self-reported in the Comprehensive Survey of Living Conditions 10 . A lower level corresponds to lesser disability. Level one indicates that the person has some disability but can leave the house alone. Level two indicates that he/she is independent in the house but requires help to leave the house. Level three indicates that the elderly person requires help in the house but can sit upright. Level four indicates that the elderly person is not able to sit up and must lie in bed all day. These detailed disability levels were only queried for 2004 and 2010, and we do not have corresponding observations for 1998. Table 5 presents the estimation results with disability levels. An elder categorized in the lowest disability level did not affect female labor force participation in 2010, although this category had a significantly negative effect in 2004, as shown in (1A) of Table 5 . This might imply that lighter care needs are more likely to be passed onto formal care sectors as a response to the diffusion of the LTCI.
Table 5 about here
Second, we consider the difference between regular and nonregular workers in greater detail. Our switching regression estimates indicate that the distinct effects of work type existed in 2010. However, it is difficult to tell whether this difference was already present as a result of the launch of the LTCI, because the data availability problem prevents us from employing the switching regression estimation to the 2004 round. To address this question, we provide informative descriptive statistics from the care questionnaire of the Comprehensive Survey of Living Conditions. Table 6 presents the averages of days per month for which households utilize formal care services. The figures are measured for the month previous to the interview. Owing to the small sample size, we only show several descriptive statistics and do not employ estimation based on statistical models. We can see a clear difference in the frequencies of access to formal care services for regular and nonregular workers. From 2004 to 2010, there was a reduction in home care among nonregular workers, while there was in increase in home care among regular workers. Further, there was an increased usage of day care service in both categories of workers, but the magnitude of the increase was 10 An alternative choice is the LTCI classification, but we do not adopt it for three reasons. First, they have been surveyed after the launch of the LTCI, it is not possible to investigate its effects on the 1998 round. Second, because they are only queried in the care questionnaire, the adoption of this variable causes a large reduction of the sample size. Third, because the classification level is assigned only when elders apply, there is possible self-selection. Furthermore, the self-reported disability levels and the LTCI classification levels are generally compatible. In 2004, there was correspondence between elders with self-reported level one and LTCI levels one or two, self-reported level two and LTCI levels one to three, self-reported level three and LTCI levels two to five, and self-reported level four and LTCI levels three to six. In 2010, there are correspondences between elders with self-reported level one and LTCI levels one to three, self-reported level two and LTCI levels two to five, self-reported level three and LTCI levels three to six, and self-reported level four and LTCI levels five to seven.
larger for regular workers. As a consequence of these changes, households with regular workers utilized more services than households with nonregular workers in 2010, while the opposite occurred in 2004. This finding implies that our estimation result for distinct effects of work types on care requirements and female labor supply were realized only recently.
A numerical analysis for the effects of the LTCI on increase in female working hours
To consider the overall effect of the LTCI on the female labor supply, we calculate the per-capita expected effects on the potential working hours, which includes both the reduction of working hours for employed workers and the loss caused by changes in the status of female labor force participation. For simplicity, we use the disabled elder dummy-C j -in this analysis. The overall reduction in working hours per female is calculated in the following manner:
where for c = 0, 1,
The integral with respect to w j and x j can be approximated using the Monte Carlo integral. The expectations can be approximated using the estimated coefficients from the two-part model, which are denoted asα H ,α E ,γ andβ. For females without work, because we do not observe explanatory variables for job characteristics, tenure, large firm dummies, and public sector dummies, we evaluate these variables using their sample averages. Then, we obtain the following equations:
On the right-hand side of the last equation, the first term represents the expected effect of care requirements on the working hours of female workers who do not change their employment status. The second term represents the expected effect for female workers who change their employment status by exiting from or entering the labor market. Table 7 presents our calculation for the expected per capita reduction in working hours. The care requirements had a smaller effect on the reduction in working hours in 2010 than in 2004, both for ongoing workers and for workers who change their working status. The calculated effect of diffusion of the LTCI is an increase of approximately three hours per week for each female.
Robustness check
This subsection provides an additional analysis to guarantee robustness of our main empirical results provided in the previous subsection. Specifically, we consider the endogeneity between female labor force participation and female working hours for the 2004 and 2010 rounds. It is possible that those who cannot work longer fail to earn a desirable amount of labor income and are more likely to quit their job. To address such endogeneity, we adopted the following Type-II Tobit model:
where η E,j and η H,j are error terms that are possibly correlated. We use the Heckit estimation to handle the endogeneity. We also consider the endogenous working decision in our analysis of work types. Instead of the two-part switching regression model in (3.3) and (3.4), we adopt the following switching regression with a polychotomous choice. The jth household has three options: not employed (as a reference alternative), employed as a nonregular worker, or employed as a regular worker. Working hours are differently characterized for nonregular and regular workers in the switching regression framework. That is,
where N j and R j are the nonregular work and regular work dummies, respectively. We use the multinomial logit model for the choice among the three alternatives. Further, we allow for the existence of correlations between pairs of error terms (ϵ N,i , ϵ HN,i ) and (ϵ R,i , ϵ RN,i ), and utilize the Heckit estimation, which is described by Maddala (1983, pp. 275-277) . Table 8 presents the Heckit estimation results for the second-stage of the Type-II Tobit model, the multinomial logit model for a polychotomous choice, and the second-stage of the switching regression model. The estimated signs of the disabled elder dummies are consistent with our basic estimation. However, these estimation results exhibit weak identification. For the Type-II Tobit model, our exclusion restriction, the ratio of active job offers to job seekers, does not have significant effects for the 2010 sample, as seen in (1B) of Table 2 . Moreover, for the switching regression model with a polychotomous choice, it is difficult to find an appropriate exclusion restriction to characterize the choice of work type. In addition to exclusion restrictions, the nonlinearity of the inverse Mills ratio can also help to guarantee identification of the Heckit estimators. However, as summarized in Puhani (2000) , the inverse Mills ratio is nonlinear only for extreme values of the explanatory variables in the first stage. Therefore, our basic estimation in the previous section provides more reasonable estimates, at least with regard to finite sample analysis.
Discussion and conclusion
This study analyzed Japan's unique experience of market-oriented social insurance of elderly care. We investigated the effects of this policy on female labor supply using newly available large-scale microdata. Our empirical study has revealed that the negative impact of caregiving on work intensity continues to exist, but has decreased after the launch of the LTCI and its diffusion. Further, there is a gender gap in the negative impacts of care requirement. Male disabled elders no longer have an influence on the female labor supply, but female elders still reduce the work intensity of coresident females. Moreover, the care requirement negatively affects the probability of obtaining a regular job. On the other hand, female regular workers are more likely to utilize formal care, whereas many nonregular workers provide informal care by themselves.
Because of the lack of micro-level information, the scope of this study is limited to quantifying general impacts of the LTCI without consideration of underlying mechanisms. There are two possible directions in which further studies can extend the perspective of this study using more intensive datasets.
The first direction of future studies is to use detailed information of receipt data. As a limitation of our study, even with the care questionnaire of the Comprehensive Survey of Living Conditions, we cannot observe details of household expenditures for ascertaining the benefits of LTCI. Because of this data availability problem, we cannot show the underlying causes responsible for the effects of the LTCI. In particular, as mentioned in Section 4.3, there are several distinctions between the effects in the 2004 and 2010 rounds, but the source of these differences cannot be investigated in this study. For example, there is a possibility that the difference was caused by the 2006 LTCI amendment, which is conventionally considered to have negative effects on female labor supply because of the reduction of benefits for elders who are assigned to lighter care classifications. For more comprehensive analysis, we need information regarding detailed consumption behaviors of elders for various care services.
The second direction of future studies is to use panel data like the Japanese Study of Aging and Retirement ( JSTAR), which began recently and is ongoing. Our analysis using cross-section data at different periods can control macroeconomic trends and observed household and regional characteristics. However, we cannot address possible endogeneity in unobserved factors and care requirements. Specifically, living allocation of family members can be correlated both with the health status of elders and the female labor supply. The sharp decline in the number of households in which elders and their married children coreside can cause a change in Japanese social norms and hence the conventional caregiving practice by daughters-in-law. Further analyses to control the living allocation choice using panel data can reveal more systematic implications of the effects of the LTCI. 
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